Maison, Stéphane, Christophe Micheyl, and Lionel Collet. Meated, make synapses with the radial afferent fiber dendrites dial olivocochlear efferent system in humans studied with ampli- (Liberman 1980; Smith and Rasmussen 1963) , mainly on tude-modulated tones. J. Neurophysiol. 77: 1759Neurophysiol. 77: -1768Neurophysiol. 77: , 1997. the ipsilateral side. A second system is composed of medial Evoked otoacoustic emissions (EOAEs) are assumed to be generefferent fibers, the cell bodies of which are situated in the ated by outer hair cells (OHCs). It is now generally accepted that medial superior olivary nuclei (Spangler and Warr 1991). EOAEs represent a means of functional exploration of the active The projections of these fibers, which are myelinated, are micromechanical properties of OHCs. Efferent fibers of the medial 0022-3077/97 $5.00
The auditory function of these projections are still largely tility. The contralateral acoustic stimuli used in experiments on the unknown. Nevertheless, electrophysiological studies of the EOAE suppression effect have consisted mainly of sounds without olivocochlear efferent system show an inhibitory action of a slow temporal fluctuation in their envelopes (broad-band noise, electrical stimulation of the medial olivocochlear bundle on narrow-band noise, pure tones, or clicks). To elucidate further the auditory afferent responses. Electrical stimulation of the meparameters of MOCS activation, in the present study we looked at dial olivocochlear system (MOCS) at the level of the fourth the contralateral suppression effect of amplitude-modulated (AM) ventricle (where MOCS fibers decussate) suppresses the tones. The results showed that EOAE amplitude was reduced with compound action potential (N1 wave) in response to acous-AM tones compared with no contralateral acoustic stimulation.
The suppression effect mainly depended on three parameters. 1) tic stimulation by clicks (Fex 1962) and enhances the co-Contralateral stimulation intensity: EOAE suppression occurred chlear microphonic potential (Fex 1959 ; Gifford and Guinan only with intensities ¢40 dB SL. 2) The greater the modulation 1987). Electrical stimulation also decreases stimulated disdepth, the greater the suppression effect: statistical analysis showed charge in the auditory afferent fibers (Guinan and Gifford a significant effect for 75 and 100% modulation depth.
3) The 100-1988a; Winslow and Sachs 1987) . Studies in which reand 140-Hz modulation frequencies gave the greatest suppression searchers used acoustic stimulation of the contralateral coeffect for 100 and 75% modulation depths. The suppression effect chlea, a condition closer to natural MOCS stimulation condiwas frequency specific. The greatest decreases were observed when tions, have shown modification of afferent fiber responses the carrier frequency of the contralateral AM tone was close to the frequency of the EOAE under study, i.e., 1 and 2 kHz. Acoustic in the contralateral cochlear nerve (Buño 1978; Murata et cross talk and middle ear effects, which cannot be completely al. 1980 ). This has been confirmed in cats (Liberman 1989; excluded, are discussed. However, the demonstrated frequency Warren and Liberman 1989a,b) and in humans (Folsom and specificity of the EOAE suppression effect, together with observed Owsley 1985). In addition, Rajan and Johnstone (1988) presence of contralateral EOAE suppression in patients without have shown that contralateral acoustic stimulation (CAS) stapedial reflex and the very weak intensities used (i.e., below has effects similar to those of electrical stimulation of the acoustic reflex threshold), suggested that it was unlikely that the MOCS at the floor of the fourth ventricle. Moreover, CAS observed effects were due merely to middle ear reflexes. Our results has the same effect as electrical stimulation of the MOCS confirm further the contralateral suppression effect on human cochlea mechanisms and show that the suppression effect can be on temporary threshold shifts (Rajan 1988a,b) . The disapinfluenced by amplitude modulations of the suppressor, characterispearance of the latter effect after section of the olivocochlear tic of sounds in the environment. efferent bundle is an argument in favor of a functional role of these efferents (Rajan 1988a).
These studies have been accompanied by others that have
revealed how the MOCS acts on the auditory periphery, namely those involving recordings of evoked otoacoustic It is well established that the organ of Corti receives efferemissions (EOAEs), which reflect mechanical properties of ent innervation from olivocochlear neurons. The discovery the OHCs. Mountain (1980) and Siegel and Kim (1982) of the olivocochlear bundle by Rasmussen (1946) allowed demonstrated a change in acoustic distorsion product amplitwo types of efferent fibers to be distinguished according to tude in animals under electrical stimulation of the MOCS. cell body location (Warr 1975; Warr and Guinan 1979; Warr Brown et al. (1983) have shown that electrical stimulation et al. 1986). The first system comprises lateral efferent fiof the MOCS modifies the receptor potential of the inner bers, the cell bodies of which are situated around the lateral superior olivary nucleus. These fibers, which are unmyelin-hair cells, supposing that this effect is mediated through no history of auditory pathology and normal audiometric functions OHCs. Subsequent studies (Guinan and Gifford 1988a,b) (thresholds of 10 dB hearing level or better between 250 and 8,000 showed that the MOCS has an indirect effect on inner hair Hz at octave intervals on pure tone audiogram). Middle ear reflexes cell receptor potential through inhibition of the motility of were present. The other three subjects (ages 21, 38, and 51 yr, 3 the OHCs anchored in the tectorial membrane. More refemales) had total unilateral hearing loss secondary to the mumps, cently, other authors have shown that acoustic distortion but normal audiometric functions in the contralateral ear. On the product amplitude is reduced by contralateral stimulation affected side, the patients had no subjective auditory response at with broad-band noise (BBN) in guinea pigs and that this any audiometric frequencies between 250 and 8,000 Hz. The effect is suppressed by section of the efferent fibers in the audiogram of the unaffected ear was normal (thresholds of 10 dB floor of the fourth ventricle (Puel and Rebillard 1990; Puel hearing level or better at octave frequencies between 250 and 8,000 Hz). et al. 1990) . Other studies have shown that BBN or narrowband noise (NBN) stimulation reduces EOAE amplitude in humans (Collet et al. 1990 (Collet et al. , 1992 Ryan et al. 1991; Veuillet Audiometry and tympanometry et al. 1991 , 1992 , 1996 at low levels of stimulation. This Tonal audiometry was conducted in a soundproof room with the result cannot be accounted for by acoustic cross talk in view use of a Madsen OB 828 audiometer. Hearing thresholds were of the low levels of contralateral stimulation used in these measured at 250, 500, 1,000, 2,000, 4,000 and 8,000 Hz (according experiments (i.e., 30 dB SL) and the absence of any such to International Standard Organization standards). Tympanometry effect in subjects with total unilateral hearing loss. Some was conducted in a soundproof room with the use of an Amplaid involvement of the middle ear cannot be completely ex-702 impedancemeter. cluded. However, even if EOAEs represent a reduction of sound energy through the middle ear, the contralateral su-Recording and analysis of EOAEs pression effect cannot be entirely due to a middle ear modification. Indeed, the contralateral stimulation effect persists EOAEs were recorded and analyzed according to the methodolin subjects with unilateral loss of the stapedial reflex (Veuilogy proposed by Bray and Kemp (1987) . The probe comprised a let et al. 1992). Moreover, the existence of a reasonable Knowles 1843 microphone and a BP 1712 earphone transducer, frequency specificity in the contralateral stimulation effect both embedded in a plastic earplug. Stimulus presentation, data recording, and averaging were carried out with the use of Otodycannot be explained at the level of the middle ear (Liberman namics ILO88 software and hardware (Kemp et al. 1990 ). The 1989). Finally, the suppression effect has been found to be stimulus was a tone pip at a frequency of 1 or 2 kHz (1 cycle rise larger with very low intensities that are unlikely to elicit the and fall, 2 cycles plateau). The presentation rate of the stimuli was acoustic reflex (Veuillet et al. 1991) and are absent in sub-50 Hz. The linear cochlear echo method was used. This technique jects with surgical section of the MOCS (in vestibular neuuses a combination of four identical acoustic impulses (size and rectomy) (Giraud et al. 1995; Williams et al. 1993 Williams et al. , 1994 . polarity). In this condition, the meatal and middle ear echoes are
The type of CAS used in the above experiments (BBN, not self canceling and their durations increase as the stimulus level NBN, and pure tones) has always represented steady-state sigincreases. These ringing components have been eliminated by nals. Most natural sounds involve temporal amplitude fluctuaapplying low intrameatal components. To minimize stimulus artitions; animal and human vocalization and mammal, insect, fact of the input sound, the EOAE analysis is windowed so as to truncate the first 6 ms of the response to zero. The level of the reptile, bird, and amphibian communication signals all fluctustimulus was 60 { 3 dB SPL, measured in the ear canal. The ate. The coding of amplitude modulation (AM) by the auditory analysis window was 20 ms; 512 responses were averaged. A pass system has been investigated extensively at different stages of band of 500-6,000 Hz was employed. In all subjects with normal the afferent pathways: at the level of the auditory nerve (AN) hearing, EOAEs were recorded in the right ear. In patients with (Javel 1980; Palmer 1982; Smith and Brachman 1977) , the total unilateral hearing loss, EOAEs were recorded in the normal cochlear nucleus (Evans and Nelson 1966; Frisina 1983 ; Møller ear. EOAE amplitude was computed from the whole response in 1976), the inferior colliculus (Nelson et al. 1966 ; Rees and a time window of 6-20 ms. Møller 1983) , and the auditory cortex (Schreiner et al. 1983 ). On the other hand, little is known concerning AM coding by CAS the efferent pathways. To date, only one study has focused on the dynamic discharge properties of efferent fibers in guinea CAS was either a pure tone or an AM tone. It was generated pigs (Gummer et al. 1988 ). The results obtained by Gummer with the use of a 16-bit digital-to-analog (D/A) converter at a sampling rate of 44.1 kHz and delivered through a TDH 39 ear-et al. indicate that the MOCS is particularly sensitive to AM. phone (bandwidth 50-8,000 Hz). The D/A card was installed on Modulation transfer functions in the MOCS neurons present a a IBM-compatible computer. The contralateral stimulus carrier was large peak centered around 100 Hz. Several of the above studies generated with the use of the following equation have shown MOCS to be activated by BBN, NBN, and clicks but not by pure tones (Berlin et al. 1993; Collet et al. 1990, S Å Arcos (2PFcrt) 1992; Ryan et al. 1991; Veuillet et al. 1991 Veuillet et al. , 1992 Veuillet et al. , 1996 .
To maintain the energy of the modulated stimuli equal to that of To test the involvement of the MOCS in the coding of the unmodulated stimuli, a correction factor was applied AM tones, we studied the effect of contralateral AM tones on EOAE amplitude.
where m is the modulation depth (MD) (from 0 to 1). This correction factor was multiplied by the signal. The corrected modulated Subjects stimulus was The present study involved 89 subjects, of whom 86 were healthy (ages 24.8 { 6.4 yr, mean { SD; 38 male, 48 female) with For each experiment, recordings were successively carried out in the absence and in the presence of contralateral stimulus (see text). The ipsilateral interstimulus interval was held constant at 50/s and ipsilateral stimulation intensity at 60 { 3 dB SPL. AM, amplitude-modulated; MD, modulation depth; MF, modulation frequency.
For each of these stimulus types, the subjective threshold was 2.5 dB SPL), presented in random order. For each intensity, MF and MD were 100 Hz and 100%, respectively. measured preliminarily so as to permit setting of the stimulus intensity in reference to sensation level (SL).
In the three subjects with hearing loss, EOAEs were recorded without and with a contralateral 1-kHz AM tone (MD 100%, MF 100 Hz) with intensity varying from 010 to 60 dB over the mean
Procedures in healthy subjects
threshold of the normal subject sample. . Ipsi-and contralateral stimulus levels were 60 dB SPL and 40 dB sensation level (SL) (i.e., 46 dB SPL), respectively. Left: EOAE recordings. Echo: EOAE amplitude (dB SPL). Analysis time was 6-20 ms after stimulus onset (stimulus ringing is rejected). Right: amplitude spectra of EOAE waveforms and of the stimuli (i.e., 1-and 2-kHz tone pips) employed for generating EOAEs. Frequency range: 0-6 kHz.
Ordinates are in dB SPL.
Hz for an MD of 75%. For these two MDs, the greatest Effects of intensity of contralateral carrier contralateral EOAE amplitude attenuation effects were ob- Figure 5 shows mean EOAE attenuation as a function of tained for MFs of 100 and 140 Hz. For an MD of 50%, the the SL of the contralateral 1-kHz tone for an MF of 100 Hz contralateral attenuation effect was significant only for MFs and an MD of 100% for subjects with normal hearing and of 140, 200, and 400 Hz, the greatest and most highly sigfor patients with a total unilateral hearing loss. nificant effect being obtained for the 400-Hz MF. Last, for NORMAL SUBJECTS. The mean AM tone perception threshan MD of 25%, statistically significant attenuation was obold was 4.5 { 2.6 (SD) dB SPL. No significant shift in served only at 50 Hz.
EOAE amplitude was observed for contralateral stimulus intensities°30 dB SL (i.e., 34.5 { 2.6 dB SPL). However, and 100%, respectively. With ipsilateral 1-kHz tone pip stimulation ( Fig. 6, left) , the greatest and only statistically signifi-for contralateral SLs ú30 dB SL, EOAE attenuation increased with contralateral stimulus intensity, reaching sig-cant (paired t-test, P õ 0.001) mean shift in EOAE amplitude was obtained for a contralateral carrier frequency of 1 kHz. nificance (P õ 0.05 at 40 dB SL and P õ 0.001 at 50 and 60 dB SL).
Further insight into the frequency specificity of the suppression effect is provided by measurements over frequency bands PATIENTS WITH A TOTAL UNILATERAL HEARING LOSS. No near the center frequency of the ipsilateral tone pip as a funcsignificant differences were observed in EOAE amplitude tion of the carrier frequency of the contralateral AM tone. for any contralateral stimulation intensity (paired t-test).
With the ipsilateral tone pip at 1 kHz (Fig. 6, right) , a significant reduction in EOAE amplitude was found in the 0.73-to Effects of frequency of contralateral carrier 0.93-kHz band for a contralateral carrier frequency of 1 kHz Figures 6 and 7 show mean EOAE amplitude shift as a (P õ 0.05) but not in the two other bands. However, even function of contralateral carrier frequency for two different if no statistically significant decreases can be observed for the frequencies of the ipsilateral tone pip used to evoke EOAEs 0.98-to 1.17-kHz and 1.22-to 1.42-kHz bands, the greatest (i.e., 1 and 2 kHz). The modulation parameters, MF and MD, decreases can be observed for a contralateral carrier frequency of 1 and 1.5 kHz, respectively. of the contralateral stimulus were held constant at 100 Hz FIG . 5. Effect of contralateral stimulus intensity on EOAE amplitude. EOAEs were elicited by a 1-kHz tone pip with intrameatal stimulus level fixed at 60 dB SPL. EOAEs were recorded in 24 subjects (q) without and with a contralateral AM tone (MD 100%, MF 100 Hz) with intensity varying from 010 to 60 dB SL (i.e., from 05.1 to 64.9 { 2.5 dB SPL 6 . EOAE amplitude reduction as a function of contralateral stimulus frequency. Left: EOAEs were induced by a 1-kHz tone pip in 26 subjects. Ipsi-and contralateral stimulus intensities were fixed at 60 dB SPL and 40 dB SL (i.e., 44.5 { 2.6 dB SPL), respectively. Contralateral stimulus was an AM tone (MD 100%, MF 100 Hz) with carrier frequency varying from 500 to 4,000 Hz as indicated. Right: frequency bands for EOAEs elicited by a 1-kHz tone pip: 0.73-to 0.93-kHz peaks, 0.98-to 1.17-kHz peaks, and 1.22to 1.42-kHz peaks. Single asterisk: P õ 0.05. Double asterisk: P õ 0.01. Triple asterisk: P õ 0.001.
With the 2-kHz ipsilateral probe stimulus (Fig. 7, left) , contralateral EOAE suppression and then in relation specifically to the AM effect. the strongest and only significant decrease in EOAE amplitude was observed for a contralateral carrier frequency of 1.5 kHz (P õ 0.05). The spectral analysis of the 2-kHz General mechanisms of contralateral EOAE suppression tone pip responses shows a significant reduction in EOAE amplitude in the 1.95-to 2.15-kHz band (P õ 0.05). The MECHANICAL INTERACTION BETWEEN THE EARS: TRANSCRAgreatest, albeit nonsignificant, decrease was observed in the NIAL TRANSFER AND ACOUSTIC CROSSOVER. In the present 1.71-to 1.90-kHz band with the carrier frequency of the study, with the use of AM tones as contralateral stimuli, a contralateral stimulus at 2 kHz. significant attenuation of EOAE amplitude was obtained at For convenient reference, the amplitude spectra of the 1lower SLs, namely 40 dB SL. With the use of pure tones as and 2-kHz tone pips used as ipsilateral stimuli to elicit the contralateral stimulus, no significant contralateral EOAE EOAEs are illustrated in Fig. 8. amplitude suppression effect was observed at even lower SLs. At such a low intensity, transcranial transfer and cross talk are very unlikely to play a role in the EOAE attenuation effect.
D I S C U S S I O N
This finding is in agreement with the absence of suppression effect on EOAE amplitude found with pure tones from 20 to The main finding of the present study is that AM tones, used as contralateral stimuli, exert a suppression effect on 60 dB hearing level as contralateral stimulation (Berlin et al. 1993) . Besides stimulus intensity, when the contralateral stimu-EOAE amplitude. In the following discussion, this result is interpreted first in relation to the general mechanisms of lation is presented to the deaf ear of a subject presenting a total FIG . 7. EOAE amplitude reduction as a function of contralateral stimulus frequency. Left: EOAEs were elicited by a 2-kHz tone pip in 26 subjects. Ipsi-and contralateral stimulus intensities were fixed at 60 dB SPL and 40 dB SL (i.e., 44.5 { 2.6 dB SPL), respectively. Contralateral stimulation was an AM tone (MD 100%, MF 100 Hz) with carrier frequency varying from 500 to 4,000 Hz as indicated. unilateral hearing loss, no attenuation of EOAE amplitude is was attenuated by contralateral AM tones in a frequencyselective manner. The greatest decreases were observed obtained in the healthy, ipsilateral ear (Collet et al. 1990; Veuillet et al. 1991) . This result was confirmed in the present study when the frequency of the contralateral AM tone was close to the frequency of the studied EOAE: i.e., 1 and 2 kHz. with the use of AM tones. No effect on EOAE amplitude was observed in patients with a total unilateral hearing loss. This These results are in agreement with those of Veuillet et al. (1991) , who demonstrated frequency specificity of the observation supports the notion that, whatever the type of contralateral stimulus, the contralateral EOAE suppression effect contralateral NBN stimulation effect on EOAE amplitude.
Chéry-Croze et al. (1993) showed an equivalent frequency is produced by a sensorineural rather than purely mechanical interaction between the ears. specificity with distorsion products under contralateral NBN. For the 1-kHz EOAEs (total EOAEs and frequency bands ACOUSTIC REFLEX AND INVOLVEMENT OF THE MIDDLE EAR.
in spectrum analysis), the suppression effect was clearly The acoustic reflex results in a reduction in the transmission greater for the AM tone with a carrier frequency of 1 kHz. power of the ossicular chain and could explain the attenua-For the 1.22-to 1.44-kHz band, it was the AM tone with a tion of EOAE amplitude observed on contralateral stimulacarrier frequency of 1.5 kHz that showed some frequency tion, because EOAEs travel backward through the middle specificity. However, the suppression effect induced by a 2ear (Harrison and Burns 1993) . However, involvement of kHz tone pip was less obvious than at 1 kHz. For the 2the middle ear may be questioned, because the suppression kHz EOAEs, it was the 1.5-kHz AM tone that produced the effect persists in human subjects with unilateral stapedial greatest suppression effect. The frequency content of the reflex loss (Veuillet et al. 1991) . Complementarily, it has stimulus can partly explain this result (see Fig. 8 ), all the been shown that the EOAE suppression effect is dramatically more in that in the 1.95-to 2.15-kHz band the greatest supreduced in patients whose olivocochlear bundle has been cut pression effect was found for the AM tone with a carrier during surgical neurectomy of the vestibular nerve to release frequency of 2 kHz. Figure 8 compares the frequency spectra severe vertigo in Ménière's disease (Giraud et al. 1995;  of stimuli used (bottom: 1 and 2 kHz tone pip) and the Williams 1993 Williams , 1994 . Furthemore, contralateral EOAE amfrequency spectra of responses obtained (top). It appears plitude attenuation is obtained at ipsilateral stimulus frequenthat, if the spectra of EOAE responses elicited by a 2-kHz cies far above the range of frequencies over which the acoustone pip were larger, this was due simply to the stimulus tic reflex exerts its effects. Moreover, as pointed out initially being more intense. This finding of frequency specificity by Liberman (1989) , frequency specificity of the suppresfails to confirm findings of Elberling et al. (1985) but is in sion effect can hardly be explained in terms of middle ear agreement with those of Veuillet et al. (1991) , Bray (1989) , functioning. Probst et al. (1986), and Wit and Ritsma (1979) . This fre-MOCS FUNCTIONING. Some studies have shown that EOAE quency specificity of the EOAE suppression effect may be suppression is induced by modification of OHC motility unexplained by the existence of a reciprocal tonotopy of the der contralateral stimulation, by medial efferent neurons afferent and efferent pathways (Brown 1989; Cody and (Liberman 1988; Liberman and Brown 1986; Mountain Johnstone 1982; Liberman and Brown 1986; Robertson 1980; Siegel and Kim 1982) . Brown and Nuttal (1984) have 1984; Robertson and Gummer 1985; Robertson et al. 1987;  suggested that CAS alters OHC membrane potential in the Warren and Liberman 1989b). mammalian cochlea, producing a modification of the stereocilia-tectorial complex membrane. Thus the effect ob-Specific mechanisms of AM contralateral suppression served is an EOAE amplitude reduction.
A decisive argument for an involvement of the MOCS in Because a correction factor was applied to the amplitude of the AM tone to hold energy constant between the unmodu-the contralateral suppresssion effect is the frequency specificity of this effect. In the present study, EOAE amplitude lated and modulated tones, interpretations based on an en- ergy factor can be ruled out. In other words, the effect ap-MFs producing a contralateral suppression effect on EOAE amplitude. The anatomic link between the VCN and MOCS, pears to be related to differences in temporal distribution of the whole energy of these two types of CAS.
as well as the previous data, is thus consistent with the results obtained in our study. The present work shows that the amplitude of the suppression effect depends on several factors. The first parameter
The exact mechanism underlying the stronger effect of AM tone CASs on EOAE amplitude via MOCS activity, of the suppression effect is the intensity of the contralateral stimulus. Results indicate that the contralateral AM tone however, remains speculative. Nevertheless, the demonstrated ability of MOCS fibers to encode AM very efficiently induced a significant decrease in EOAE amplitude for contralateral stimulation intensities ¢40 dB SL. Second, the provides a basis for a possible mechanism. Indeed, it might be that CAS amplitude fluctuations reduce the neural adapta-deeper the modulation of the contralateral tone, the larger the suppression effect. Third, for the two MDs (100% and tion of MOCS fibers compared with that found with continuous stimuli. 75%), the greater effect was obtained with the use of an AM tone with MFs of 100 and 140 Hz (Fig. 4) . This is why
In conclusion, the results of the present study, indicating a particular sensitivity of the MOCS to AM stimuli, suggest many of the experiments performed in this study specifically involved 100 Hz-MF and 100% MD. However, for an MD that this system could play a specific role in the encoding of environmental auditory stimuli, that is, with envelopes of 100%, considerable variations were observed. This result may be related first to the existence of multiple groups of showing temporal fluctuation, as is the case in most animal and human communication signals. subjects that were run with variations of the parameters and next to the results of previous studies indicating substantial intersubject variability in contralateral suppression effects compared with AN fibers. The enhancement takes place in for infant screening. Br. J. Audiol. 21: 191-204, 1987. the temporal domain; the response of these cells is strongly BROWN, M. C. Morphology and response properties of single olivocochlear synchronized on the stimulus modulation period. These refibers in the guinea pig. Hear. Res. 40: 93-110, 1989. sults suggest the hypothesis that certain types of VCN cells BROWN, M. C. AND NUTTAL, A. L. Efferent control of cochlear inner hair are involved in sharpening the representation of the temporal cell responses in the guinea pig. J. Physiol. Lond. 354: 625-646, 1984 . BROWN, M. C., NUTTAL, A. L., AND MASTA, R. I. Intracellular recordings features of the stimulus. Inputs to MOCS neurons are defrom cochlear inner hair cell: effects of stimulation of the crossed olivorived, to some extent, bilaterally from the VCN, but mainly cochlear efferents. Science Wash. DC. 222: 69-71, 1983. contralaterally (Thompson and Thompson 1991) . Thus, if BUÑ O, W. Auditory nerve activity influenced by contralateral ear sound the encoding properties of MOCS neurons derive from those stimulation. Exp. Neurol. 59: 62-74, 1978 . CHÉRY-CROZE, S., MOULIN, A., AND COLLET, L. Effect of contralateral of VCN cells, we can suppose that the coding of AM is sound stimulation on the distorsion product 2F1-F2 in humans: evidence conserved through the MOCS. 
